The 72K immediate early (IE) 1 protein of human cytomegalovirus and the 68K protein, also encoded by the IEI gene, were detected by immunoelectron microscopy using monoclonal antibodies specific for the 68K or 72K proteins. Early after infection, both proteins were localized to the nucleus, but with different localization patterns. Late after infection, both of the proteins decreased markedly in the nucleus, in which nucleocapsids appeared. Simultaneously, the 68K protein became diffusely distributed in the cytoplasm and the plasma membrane, whereas the 72K protein was distributed in the nuclear envelope and the plasma membrane. Both proteins were also observed in the coating membrane of the extracellular dense bodies.
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Human cytomegalovirus (HCMV), a member of the herpesvirus family, is a ubiquitous human pathogen that is responsible for congenital malformation (Weller, 1971) and fatal pneumonitis in immunocompromised patients (Ho, 1984) . Following the infection of susceptible cells with HCMV, expression of the viral genome proceeds in three main phases: immediate early (IE), early and late (Stinski et al., 1980; DeMarchi, 1981; McDonough & Spector, 1983) . IE gene products are thought to regulate subsequent viral gene expression in a cascade manner (Griffiths & Grundy, 1987) and to be necessary for persistent and latent infection (Ho, 1984; Jordan, 1983) . The IE genes encode at least three groups of proteins from regions IE1, IE2 and IE3 (Stinski et al., 1983) .
We have reported already that the 68K protein recognized by monoclonal antibody (MAb) e-8 is expressed from IE1, which also encodes the major IE protein of 72K (Tsutsui & Nogami-Satake, 1990 ). In the present study, we show that the ultrastructural localization of the 72K and 68K proteins in permissive cells changes during the course of infection.
HCMV strain AD169 (obtained from Dr Y. Nishiyama, Nagoya University School of Medicine, Japan) was used in this study. Virus stocks were prepared in human embryonic lung (HEL) cells and grown in Dulbecco's modified Eagle's medium containing 10% foetal calf serum, penicillin (100 units/ml) and streptomycin (50~tg/ml). Preparation of MAb e-8, which reacts with the 68K protein of HCMV-infected cells, has been described previously (Tsutsui & Nogami-Satake, 1990 ). The 68K protein detected by MAb e-8 is expressed after microinjection of ctoned DNA containing only the major IE region (/El) of HCMV (Tsutsui & Nogami-Satake, 1990) . MAb E3, which is specific for the 72K protein, was a gift from Dr L. C. Goldstein (Genetic System Corporation, Seattle, Wash., U.S.A.) (Goldstein et al., 1982) .
HEL cells on glass slides were infected with HCMV at a multiplicity of 3 p.f.u./cell. At 12, 24, 48 and 72h postinfection (p.i.), the cell monolayers were washed with phosphate-buffered saline (PBS) and fixed in periodatelysine-paraformaldehyde, as described by McLean & Nakane (1974) , with 3% paraformaldehyde. Immunoelectron microscopy procedures were carried out basically as described previously (Tsutsui et al., 1986) . Briefly, the cell monolayers were incubated in 10%, 15% and 20% sucrose in PBS, frozen in solid carbon dioxideethanol for 3s and thawed in 20% sucrose in PBS. The cells were incubated with MAbs (ascites diluted 1:200 for e-8, 1 : 500 for E3) overnight at 4 °C and then washed several times with PBS. The cells were incubated with peroxidase-conjugated anti-mouse IgG (Cappel Laboratories) at a 1 : 50 dilution for 3 h at 4 °C and washed again with PBS. After fixation in 0.5% glutaraldehyde and washing with PBS, the cells were immersed in diaminobenzidine solution (0.02% diaminobenzidine, 50mM Tris-HC1 pH 7.6) for 15 min and then in diaminobenzidine solution containing 0.05% H2OE for 5 min at room temperature. After washing with distilled water, the cells were fixed in 1% osmium tetroxide for I h on ice and then subjected to a routine process of dehydration and embedding; the cell monolayers were covered with gelatin capsules filled with Epon mixture. After polymerization the capsules and cells were detached from the 0000-9894 © 1991 SGM glass slides by heating on a hot plate at 80 °C for 5 min. Ultrathin section and electron microscopy were performed as described previously (Tsutsui et al., 1986) .
The 72K protein, which is known to be encoded by IE1 of HCMV, is localized to the nucleus, as shown previously by immunofluorescence studies (Goldstein et al., 1982; Stinski et al., 1983) . The 68K protein, which is also encoded by IE1, was not expressed when cells were exposed to cycloheximide (CH; 50 ~tg/ml) from 1 h before infection until 15 h p.i. and then released from the CH-induced block in the presence of actinomycin D (100 ktg/ml) for 2 h. In the early phase of infection, the 68K protein was localized to the nucleus (Tsutsui & Nogami-Satake, 1990) ; only very small amounts of the 68K protein were observed in the cells 12 h p.i. (not shown), whereas immunoelectron microscopy showed that the 72K protein was localized diffusely in the nucleus at this time ( Fig. 1 b and e) . Labelling of the 68K protein was distributed diffusely in the nucleus 24 h p.i. (Fig. 1 a and at) . In accordance with immunofluorescence findings (Tsutsui & Nogami-Satake, 1990 ), immunoelectron microscopic detection of the 68K protein in the nucleus was delayed in comparison to that of the 72K protein and the nuclear distribution pattern of the 68K protein was somewhat different to that of the 72K protein, although both proteins were distributed diffusely. MAb e-8, specific for the 68K protein, revealed globular staining (Fig. l d) in addition to diffusely distributed fibrillar staining, whereas MAb E3, specific • for the 72K protein, showed even fibrillar labelling in the nucleus (Fig. 1 e) . Neither the 72K protein nor the 68K protein was observed in the plasma membrane in the early phase of infection ( Fig. 1 a and b) , although faint staining was observed in the endoplasmic reticulum (Fig.  lg) , as reported by Otto et al. (1988) . No protein was observed in the nucleus or the plasma membrane of mock-infected cells using MAb E3 (Fig. 1 c) or MAb e-8 (not shown).
In the late phase of infection, when nucleocapsids of the viruses could be observed in nuclear inclusions ( Fig.  2a and b) , the amount of the 68K and 72K proteins in the nucleus was markedly decreased (Fig. 2a and b) ; nucleocapsids and cores were sometimes stained in the nuclear inclusions using either MAb e-8 or MAb E3 (Fig.  2a and b, inserts) . At the same time, the 68K protein appeared in the cytoplasm and the plasma membrane ( Fig. 2a and d) , whereas the 72K protein was observed in the plasma membrane and in some parts of the nuclear envelope, but not in the cytoplasm (Fig. 2b and e) . The subcellular redistribution of the 68K and the 72K proteins was observed in all late phase cells examined; these cells also had nucleocapsids in their nuclei. Labelled products of the 68K protein were diffusely distributed in the cytoplasm with a fine granular appearance, except in the mitochondrial matrix and cristae of the endoplasmic reticulum ( Fig. 2a and d) . Localization of the 68K and the 72K protein in the plasma membrane seemed to be discontinous (Fig. 2a, b,  d and e). The coated membranes of the dense bodies in the extracellular spaces were also stained with both MAb e-8 and MAb E3 (Fig. 2d, e and inset ), but were not stained by MAbs specific for the 50K DNA-binding protein of guinea-pig CMV (Nogami-Satake & Tsutsui, 1988) (Fig. 2c) . The control MAb also did not stain nucleocapsids in the nuclear inclusion of the cells, although the electron density of these particles was rather high (Fig. 2c, inset) .
In a previous study, the 68K protein of HCMVinfected cells, detected by MAb e-8, was expressed after microinjection of cloned HCMV DNA containing only IEI, which encodes the 72K protein (Tsutsui & NogamiSatake, 1990) . In this study, we have shown by immunoelectron microscopy that the subcellular distribution of both the 72K and 68K IE1 proteins changes during the course of infection. Early after infection, both proteins were localized mainly in the nucleus, although the 72K protein appeared earlier than the 68K protein.
Otto et al. (1988) reported that IE1 protein was not detected in the plasma membrane early after infection, as determined by subcellular fractionation and immunocolloidal gold electron microscopy, although this protein was an intracytoplasmic membrane-associated protein.
We have confirmed that the IE1 proteins are not detected in the plasma membrane early after infection. At higher magnification, small amounts of the IE1 proteins could be detected in the ribosomal and endoplasmic reticulum early after infection, presumably because these proteins are synthesized there and transported to the nucleus. The nuclear location of the IE proteins early after infection is to be expected because these proteins have been shown to regulate homologous (Chang et al., 1989; Malone et al., 1990) and heterologous virus genes (Davis et al., 1987; Staprans et al., 1988; Tevethia et al., 1987) . A different localization pattern of the 68K protein in the nucleus from that of the 72K protein may reflect the two proteins' different roles in the regulation of gene expression.
Late after infection, we showed by immunoelectron microscopy that the 72K IE protein was localized in discontinuous parts of the plasma membrane, whereas the 68K protein was dispersed in the cytoplasm and also distributed in the plasma membrane. Immunoelectron labelling of the 72K and 68K proteins in the plasma membrane was detected in the late phase of infection when the amount of labelling of the proteins in the nucleus reduced markedly and nucleocapsids appeared in the nuclear inclusion. Although the biological significance of the redistribution of IEt proteins during HCMV infection is not known, in the late phase of infection these proteins may play some role other than in gene regulation. Nucleocapsids and cores in the nuclear inclusions were sometimes stained by either MAb e-8 or MAb E3; similar findings have been obtained using cells infected with guinea-pig CMV using an MAb specific for the 50K DNA-binding protein (Tsutsui et al., 1986; Nogami-Satake & Tsutsui, 1988) . It may be possible that a small amount of virus-encoded nuclear protein can be incorporated into the nucleocapsids by chance during viral morphogenesis. The reason the redistribution pattern of the 68K protein differs from that of the 72K protein is not known. However, these two proteins may not have a precursorproduct relationship (Tsutsui & Nogami-Satake, 1990) . Also, it is not clear whether these proteins transfer from the nucleus to the plasma membrane or cytoplasm, which signals determine the relocation of the IE1 proteins and whether these proteins are the same or different in the different subcellular locations.
